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TITLE OF THE INVENTION 

OPTICAL INFORMATION REPRODUCING APPARATUS HAVING A 

SERVO CONTROL CIRCUIT 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[000 1] The present invention relates to an optical information 

reproducing apparatus (optical disk apparatus), and more particularly, to an 
optical information reproducing apparatus for recording and reproducing 
optical information by performing control with a constant linear velocity or a 
substantially constant linear velocity by varying a rotation frequency of a 
disk in accordance with a radial-direction position. 
Description of the Related Art 

[0002] Conventional rotation control of an optical disk is performed by an 
optical disk apparatus for a CD (compact disc) or the like that performs 
rotation control with a constant linear velocity (CLV), or an optical disk 
apparatus in which the interior of a disk is divided into a plurality of zones 
and rotation control is performed so as to realize a substantially constant 
linear velocity (MCLV) between zones. 

[0003] Recently, optical disk apparatuses have been developed in which a 
sample servo optical disk having clock marks or wobble marks, the number 
per track of which is constant, and which are pre-recorded radially from the 
center of the disk, is rotated using an MCLV process. 

[0004] FIG. 6 is a block diagram illustrating a conventional optical disk 



'Si 



-2- 



apparatus. 

[0005] As shown in FIG. 6, the optical disk apparatus includes an optical 
disk 1, a pickup 2 (having a laser source, a sensor, a focus actuator and a 
tracking actuator), a detection circuit 3, a focus-error generation circuit 4, a 
5 focus-phase compensation circuit 6, a focus-gain circuit 7, a focus-actuator 
driver 8, a tracking-error generation circuit 9, a tracking-phase compensation 
circuit 11, a tracking-gain circuit 12, a tracking- actuator driver 13, a spindle 
15, a spindle control circuit 16, a spindle driver 17, and a controller 18. 
[0006] A light beam emitted from the laser source of the pickup 2 is 
10 projected onto the optical disk 1. Light reflected from the optical disk 1 is 
sensed by the sensor of the pickup 2, and is converted into an electric signal 
by the detection circuit 3. 

[0007] A focus-error signal is generated from an output from the detection 
circuit 3 by the focus-error generation circuit 4, and is supplied to the 

15 focus-actuator driver 8 via the focus-phase compensation circuit 6 and the 
focus-gain circuit 7, to control the focus actuator of the pickup 2, thus 
constituting a focus servo loop. Similarly, a tracking-error signal is generated 
from the output of the detection circuit 3 by the tracking-error generation 
circuit 9, and is supplied to the tracking- actuator driver 13 via the 

20 tracking-phase compensation circuit 11 and the tracking gain circuit 12, to 
control the tracking actuator of the pickup 2, thus constituting a tracking 
servo loop. The spindle driver 17 drives the spindle 15 so as to have a rotation 
frequency indicated by the controller 18, using the spindle control circuit 16 
based on an FG (frequency generator) signal (not shown) or a synchronizing 

25 signal from the detection circuit 3, thus constituting a spindle control loop. 

[0008] In a CLV method, a synchronizing signal from the disk is detected 
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by the detector circuit 3, and rotation control is performed so as to maintain a 
constant linear velocity based on the synchronizing signal. In an MCLV 
method, a plurality of zones are provided in a radial direction, and the 
interior of each zone is controlled so as to have a constant rotation frequency 
5 using the spindle control circuit 16 based on the FG signal or the 
synchronizing signal from the detection circuit 3. In each of the 
above-described methods, the disk is controlled via CLV or MCLV process so 
that the rotation frequency is highest at the inner circumference in a radial 
direction and decreases toward the outer circumference. 

10 [0009] In such optical disk apparatuses, a control band for tracking 
control, focus control and the like is designed so as to be able to perform 
control within a control error range desired for recording and reproducing 
operations in accordance with the amount of disturbance provided by disk 
standards, even if the maximum disturbance permitted by the disk standards 

15 is generated. That is, each of the focus -phase compensation circuit 6, the 
tracking-phase compensation circuit 11, the focus-gain circuit 7 and the 
tracking gain circuit 12 operates in a fixed control band designed irrespective 
of the rotation frequency 

[0010] FIG. 7 illustrates an example of tracking disturbance in a disk 
20 versus the rotation frequency of the disk when the center of the disk deviates 
from the center of rotation by 100 ii m. For example, when the rotation 
frequency of the disk is 10 Hz, a disturbance of 100 \x m is present at 10 Hz. 
As shown in FIG. 7, the frequency component of the disturbance decreases 
substantially in inverse proportion to the square of the frequency due to 
25 harmonic components or the like. The inclination of the disturbance 
represents eccentric acceleration of the disk. For example, at 10 Hz, the 
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eccentric acceleration is 0.395 m/s 2 , and at 20 Hz, the eccentric acceleration is 
1.579 m/s 2 . Accordingly, it can be understood that even if the eccentricity of 
the disk has a constant value of 100 ix m, the frequency component of 
disturbance becomes larger (so as to move to the right in FIG. 7) a the 
5 rotational frequency of the disk becomes higher. 

[0011] In actual disks, disturbance due to deviation of the center of the 
disk is the most significant (or the dominant) source of disturbance. The 
amount of disturbance including harmonic components hardly differs 
between the inner circumference and the outer circumference. 

10 [0012] FIG. 8 illustrates an example of focusing disturbance in a disk. 

[0013] FIG. 8 represents frequency characteristics of disturbance in a 
disk. It is assumed that the disk planer and rotates in an inclined state with 
respect to the plane of rotation, with an inclination of 100 /imata radius of 
50 mm, and the disk is rotated so as to maintain a constant linear velocity of 

15 2.4 m/s at each radius (e.g., relative to a light spot of a recording/reproducing 
head). With respect to eccentricity, the frequency component of disturbance 
decreases substantially in inverse proportion to the square of the frequency 
due to harmonic components or the like. The inclination of the disturbance 
represents planer inclination acceleration of the disk. For example, the 

20 rotation frequency is 10 Hz at a radius of 38.2 mm, and the planer deviation 
acceleration at that time is 0.302 m/s 2 . The rotation frequency is 20 Hz at a 
radius of 19.1 mm, and the planer deviation acceleration at that time is 0.603 
m/s 2 . Although the absolute value of the disturbance component of focus due 
to inclination with respect to the plane of rotation increases in proportion to 

25 the radius, the rotation frequency decreases in inverse proportion to the 
radius when the disk is rotated with a constant linear velocity. As a result, 
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disturbance decreases as the radius increases (as the rotation frequency 
decreases). 

[0014] In consideration of the above-described disturbance characteristics 
of the disk, in a disk apparatus which maintains a constant (or substantially 
5 constant) linear velocity, the standards of the disk must be provided so as not 
to exceed the standard of disturbance within the range of all rotation 
frequencies. As a result, the disturbance at the highest rotation frequency 
serving as the worst-case condition is provided as the standard, and a 
servo-loop gain is designed so as to suppress the disturbance so as to be 
10 maintained within a range of deviation desired for recording and reproducing 
operations. 

[0015] However, if the servo loop gain is determined so as to adequately 
suppress the disturbance at the highest rotation frequency, although no 
problem arises at the highest rotation frequency, the servo-loop gain has a 
15 value more than sufficient at lower rotation frequencies, as can be 
understood from the above-described characteristics of disturbance of the 
disk. 

[0016] If the servo-loop gain has a value that is greater than necessary, 
unnecessary noise also is amplified more than necessary, thereby causing 
20 current flow in the actuator and unnecessary power consumption. 
Unnecessary power consumption results in a temperature rise in the actuator 
and a temperature rise in the overall apparatus. Unnecessary power 
consumption also causes the actuator to generate noise. 

[0017] In an MCLV method in which a sample servo optical disk having 
25 clock marks or wobble marks, the number per track of which is constant, and 
which are pre-recorded radially from the center of the disk, is rotated using 
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an MCLV process, since the number of sampling points per track is 
maintained constant, the sampling frequency becomes lower as the rotation 
frequency becomes lower, and becomes higher as the rotation frequency 
becomes higher. Accordingly, if the servo-loop gain is determined so as to 
5 suppress disturbance at the highest rotation frequency (at the inner 
circumference), since the sampling frequency is smaller at an outer 
circumference having a lower rotation frequency, the servo system becomes 
unstable or incapable of maintaining control. 

[0018] On the other hand, if the servo-loop gain is determined by 
10 adjusting the sampling frequency at the outer circumference, servo deviation 
cannot be suppressed so as to remain within an allowable range at the inner 
circumference. 

[0019] For example, recent recording/reproducing systems that use a 
domain wall displacement detection (DWDD) method to achieve higher 
15 density recording on optical disks, require greatly reduced servo deviation 
characteristics. Also, recent trends to reduce the size of 
recording/reproducing systems require a corresponding reduction in power 
consumption. Accordingly, it is desirable to provide a servo control circuit 
having high accuracy (fidelity) and low power consumption. 

20 

SUMMARY OF THE INVENTION 

[0020] The present invention has been made in consideration of the 
above-described drawbacks of conventional systems. 
25 [0021] It is an object of the present invention to provide an optical 
information reproducing apparatus capable of suppressing servo deviation to 
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a sufficiently small value with small power consumption by changing a servo 
control band and a filter coefficient in accordance with a rotation frequency. 
[0022] In one aspect, the present invention relates to an optical 

information reproducing apparatus for recording or reproducing information 
5 by controlling rotation of an optical disk so as to provide a constant linear 
velocity by changing a rotation frequency in accordance with a 
radial- direction position of an optical spot, where the optical information 
reproducing apparatus includes a rotation control circuit that controls 
rotation of the optical disk, a focus servo control circuit and a tracking servo 
10 control circuit for the optical spot, and a tracking control circuit that adjusts 
a servo-loop gain for tracking servo control in accordance with the radial 
direction position of the optical spot. 

[0023] In another aspect, the present invention relates to an optical 
information reproducing apparatus for recording or reproducing information 

15 using an optical spot by controlling rotation of an optical disk so as to provide 
a linear velocity by changing a rotation frequency in accordance with a 
radial-direction position of the optical spot, where the optical information 
reproducing apparatus includes a rotation control circuit that controls 
rotation of the optical disk, a focus servo control circuit and a tracking servo 

20 control circuit for the optical spot, and a focus control circuit that adjusts a 
servo-loop gain for focus servo control in accordance with the radial-direction 
position of the optical spot. 

[0024] The foregoing and other objects, advantages and features of the 
present invention will become more apparent from the following description 
25 of the preferred embodiments taken in conjunction with the accompanying 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a block diagram illustrating an optical disk apparatus 
according to a first embodiment of the present invention! 
5 [0026] FIG. 2 is a block diagram illustrating an optical disk apparatus 
according to a second embodiment of the present invention; 
[0027] FIG. 3 is a graph illustrating frequency characteristics of each 
component when changing a rotation frequency while fixing a filter 
coefficient; 

10 [0028] FIGS. 4 and 5 are graphs, each illustrating open-loop frequency 
characteristics when changing a rotation frequency while fixing a filter 
coefficient; 

[0029] FIG. 6 is a block diagram illustrating a conventional optical disk 
apparatus; 

15 [0030] FIG. 7 is a graph illustrating frequency characteristics of tracking 
disturbance; and 

[0031] FIG. 8 is a graph illustrating frequency characteristics of focusing 
disturbance. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(First Embodiment) 

[0032] FIG. 1 is a block diagram illustrating an optical disk apparatus 
according to a first embodiment of the present invention. 
25 [0033] As shown in FIG. 1, the optical apparatus includes an optical disk 
1, a pickup 2 (having a laser source, a sensor, a focus actuator and a tracking 
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actuator), a detection circuit 3, a focus-error generation circuit 4, an A/D 
(analog-to-digital) converter 5, a focus-phase compensation circuit 6, a focus 
gain circuit 7, a focus -actuator PWM (pulse-width modulation) driver 8, a 
tracking-error generation circuit 9, an A/D converter 10, a tracking-phase 
5 compensation circuit 11, a tracking-gain circuit 12, a tracking-actuator PWM 
driver 13, a clock-signal detection circuit 14, a spindle 15, a spindle control 
circuit 16, a spindle driver 17, and a controller 18. 

[0034] The optical disk 1 is a sample servo optical disk in which clock 
marks or wobble marks are recorded radially from the center of the disk. 
10 [0035] The clock marks or the wobble marks are pre-recorded in 1,280 
sample servo regions per track. 

[0036] A light beam emitted from the laser source of the pickup 2 is 
projected onto the optical disk 1. Light reflected from the optical disk 1 is 
sensed by the sensor of the pickup 2, and is converted into an electric signal 

15 by the detection circuit 3. 

[0037] A focus-error signal is generated from an output from the detection 
circuit 3 by the focus-error generation circuit 4, and is supplied to the 
focus-actuator PWM driver 8 after being converted to a digital signal by the 
A/D converter 5, and then with a clock period output from the clock-signal 

20 detection circuit 14 by the focus-phase compensation circuit 6 and the focus 
gain circuit 7, to control the focus actuator of the pickup 2, thereby 
constituting a focus servo loop. 

[0038] Similarly, a tracking-error signal is generated from the output 
from the detection circuit 3 using wobble marks on the optical disk 1 by the 
25 tracking-error generation circuit 9, and is supplied to the tracking- actuator 
PWM driver 13 after being converted to a digital signal by the A/D converter 
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10, and then with the clock period output from the clock-signal detection 
circuit 14 by the tracking-phase compensation circuit 11 and the tracking 
gain circuit 12, to control the tracking actuator of the pickup 2, thereby 
constituting a track servo loop. 
5 [0039] The spindle driver 17 drives the spindle 15 so as to have a desired 
rotation frequency indicated using the controller 18, by the spindle control 
circuit 16 based on an FG signal (not shown) or a synchronizing signal from 
the clock-signal detection circuit 14, thereby constituting a spindle control 
loop. 

10 [0040] In the first embodiment, each of focus control and tracking control 
is performed discretely by sampling with a clock-mark period output from the 
clock-signal detection circuit 14. That is, a sample period is obtained by 
multiplying the rotation frequency by the number of clock pulses per track. 
For example, if the spindle 15 rotates with a frequency of 30 Hz, sampling 

15 frequency is 38.4 kHz, obtained by multiplying the frequency (30 Hz) by 
1,280, the number of clock pulses per track. In this regard, since clock marks 
cannot be detected until focus control is stabilized, the phase of the sampling 
period may deviate from the phase of the clock marks. After detecting a clock 
mark, sampling synchronized with clock marks is performed, e.g., using a 

20 PLL (phase-locked loop) circuit (not shown) or the like. Outputs from the 
focus-error generation circuit 4 and the tracking-error generation circuit 9 
are sampled by the A/D converters 5 and 10 with the sampling period and 
input to the focus-phase compensation circuit 6 and the tracking-phase 
compensation circuit 11, respectively. Each of the focus-phase compensation 

25 circuit 6 and the tracking-phase compensation circuit 11 is configured with a 
digital filter, and is subjected to filter calculation with a filter coefficient set 
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by the controller 18. Each of the focus-gain circuit 7 and the tracking gain 
circuit 12 is a digital multiplier, and its gain is set by the controller 18. 
Outputs from the focus gain circuit 7 and the track gain circuit 12 are output 
as PWM signals to the focus-actuator PWM driver 8 and the 
5 tracking- actuator PWM driver 13, respectively. 

[0041] In the first embodiment, rotation control of the disk is performed 
according to an MCLV method, and a zone is provided for each predetermined 
number of tracks in a radial direction. Control is performed with a constant 
rotation frequency within each zone, and with a substantially constant linear 

10 velocity between zones. When a zone changes as a result of seeking or the like, 
control is performed such that a predetermined rotation frequency is 
obtained so as to provide a constant linear velocity for each zone, and a 
stationary rotation state is provided with a predetermined rotation frequency 
after passing through a transient state. When a target linear velocity is 

15 represented by Vt (m/s), a radius at start is represented by Rn (m), and a 
rotation frequency is determined so that the target linear velocity is a linear 
velocity at the position of start of each zone, a rotation frequency Wn (Hz) of 
zone N is expressed by* 

Wn = Vt/(2X 7t XRn). 

20 This rotation frequency is a stationary rotation frequency at each zone. 

[0042] Next, a description will be provided of a method for setting values 
for the focus-phase compensation circuit 6, the tracking-phase compensation 
circuit 11, the focus-gain circuit 7 and the tracking-gain circuit 12. 
[0043] First, a tracking control system will be described. When a tracking 

25 eccentric component is represented by S ( \x m) , eccentric acceleration A 
(m/s 2 ) of disturbance when the disk is rotated at the rotation frequency Wn 
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(Hz) is expressed by* 

A=SX(2X 7i XWn)2. 

When a target control deviation is represented by £ {ji m), and a frequency 
where disturbance equals the target control deviation is represented by fo, 
5 f 0 = 1/(2X 7z)4aJI = WnX 4SJ£. 

The tracking control band must be at least fo. When a necessary control band 
is represented by F, 

F= j3 Xfo^jS xWnX V^Ti. 
It can be understood that F is proportional to Wn ( j3 represents a margin) . 
10 [0044] For example, when a zone having the highest rotation frequency is 
represented by zone 0, and the band and the rotation frequency at that time 
are represented by F z o and Wo, respectively, a band F zn at zone N is expressed 
by- 

F zn = FzoX(Wn/W 0 ). 

15 The controller 18 has a gain table of the tracking gain circuit 12 
corresponding to a necessary band at each zone obtained from the 
above-described equation, and sets a constant to the tracking gain circuit 12 
in accordance with a zone (rotation frequency). 

[0045] The fact that a band changes only by changing the constant of the 
20 tracking gain circuit 12 will now be described. FIG. 3 illustrates phase 
characteristics and gain characteristics of the tracking-phase compensation 
circuit 11 and other portions when the rotation frequency is changed among 
the values 33.3 Hz (zone 0), 23.4 Hz and 16.5 Hz, in a state in which the 
coefficient of a phase compensation filter covers the necessary band at the 
25 rotation frequency at inner circumference zone 0. Measurements were 
performed in a state in which the gain of the tracking gain circuit 12 is fixed. 
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As can be understood from FIG. 3, by changing the rotation frequency, the 
frequency characteristic of the tracking-phase compensation circuit 11 moves 
toward lower frequencies. Since the gain is fixed, the frequency 
characteristics of portions other than the tracking-phase compensation 
5 circuit 11 do not change even if the rotation frequency changes. 

[0046] When the rotation frequency is changed, the output of the 
clock-signal detection circuit 14 detecting 1,280 clock marks per rotation 
changes, resulting in a change in the sampling frequency for tracking servo 
control. If the filter coefficient of the tracking-phase compensation circuit 11 

10 is fixed, the frequency characteristic of the tracking-phase compensation 
circuit 11 changes in accordance with the sampling frequency. Since the gain 
is fixed, the servo band shifts to the higher frequency side, and a phase 
margin (indicating a margin until the phase becomes — 1 80° at a gain 
crossover frequency) decreases. FIG. 4 illustrates open-loop characteristics 

15 indicating how the phase margin decreases. 

[0047] FIG. 5 illustrates changes in open-loop characteristics when the 
coefficient of the phase compensation filter covering the necessary band at 
the highest rotation frequency (inner circumference zone 0) is fixed, the 
rotation frequency is changed in the same manner as shown in FIG. 3, and 

20 the gain is changed in accordance with the rotation frequency. As can be 
understood from FIG. 5, the servo band decreases as the rotation frequency is 
reduced, and the phase margin is sufficient. At the same time, these servo 
characteristics satisfy the above-described equation relating to the necessary 
band. That is, when the rotation frequency (33.3 Hz) of zone 0 is made 1, the 

25 ratios of respective rotational frequencies are 0.7 and 0.5 at 23.4 Hz and 16.5 
Hz, respectively, and corresponding servo bands proportional to the 
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rotation-frequency ratio are 2.64 kHz, 1.85 kHz and 1.30 kHz. At that time, 
the gain may be set by multiplying the square of the rotation-frequency ratio 
with respect to zone 0 by the gain value for zone 0. For example, suppose that 
the rotation frequency of zone 0 is 33.3 Hz, and the rotation frequency of a 
5 certain zone is 16.5 Hz. Since the ratio is about 0.5, the gain of that zone is 
obtained by multiplying the gain at zone 0 by 0.25, i.e., the square of 0.5. 
[0048] When the gain and the rotation frequency at zone 0 are 
represented by G z o and Wo, respectively, the gain G zn of zone N rotating at a 
rotation frequency of W n is expressed by* 

10 G zn = G z0 X (Wn/ Wo) 2 . 

[0049] That is, the gain table may have the value of the square of the 
rotation-frequency ratio with respect to zone 0 corresponding to each zone, 
and the gain to be set can be determined by multiplying the gain at zone 0 by 
the value of the gain table at each zone. 

15 [0050] In the first embodiment, since it is unnecessary to change the 
coefficient of the phase compensation filter, it is unnecessary to have a table 
for the coefficient of the phase compensation filter, and therefore the capacity 
of a ROM (read-only memory) and a RAM (random access memory) of the 
controller can be reduced. 

20 [0051] Although in the first embodiment, a sampling servo operation has 
been described, the same effects can also be obtained by appropriately 
changing the sampling frequency in accordance with the radial- direction 
position, as in the case of sampling servo operation, and using a phase 
compensation circuit that uses a digital filter operating at that frequency. 

25 [0052] The equation for calculating the band may be within a range 
where a necessary control error is secured (depending on the value of a), 
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such as* 

Fzn= a XF z0 x(Wn/ Wo). 
For example, the value of a may be changed stepwise in accordance with 
the rotational frequency (zone) toward lower rotation frequencies than at 
5 zone 0, such as 0.95 (or 1.05) for zone 1, and 0.9 (or l.l) for zone 2. 

[0053] Furthermore, by changing the filter coefficient of the 

tracking-phase compensation circuit 11, as well as the constant of the 
tracking gain circuit 12, finer band control can be performed. 
[0054] In this case, also, the overall servo characteristics are not 
10 controlled by a wasteful servo-loop gain, which is greater than necessary, by 
changing the overall servo characteristics in the same manner as when 
changing only the gain (see FIG. 5). 

[0055] Next, a focus control system will be described. 

[0056] In contrast to the eccentric component, the amount of the focus 
15 plane deviation component differs depending on the radial direction. For 
example, when it is assumed that the disk is planer and rotates in an inclined 
state with respect to the plane of rotation, at an angle of inclination of 6 
(degrees), the amount of plane deviation S ( jj, m) at a radius Rn is expressed 
by: 

20 S = RnX s in0. 

The plane deviation acceleration A (m/s 2 ) of disturbance when the disk 
rotates with a rotation frequency of Wn (Hz) is expressed by: 

A=SX(2X 7i XWn)2. 
When the target control deviation is represented by f dum), the frequency fo 
25 where disturbance equals the target deviation is expressed by* 

fb= 1/(2 X 7z)4aH =WnxV57£ = WnX ^](Rnxsm6)/£ 
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= ^(sin6xVtxWn)/(2xKxe) . 
The focus control band must be at least fo. When a necessary control band is 
represented by F, 

F= j3 Xfo^jS X ^(sin6xVtxWn)/(2xKxe) . 
5 It can be understood that F is proportional to J~ Wn ( j3 represents the 
amount of a margin) . For example, when a zone having the highest rotation 
frequency is represented by zone 0, and the band and the rotation frequency 
at that time are represented by F z o and Wo, respectively, the band F zn at zone 
N is expressed by- 

10 Fzn = F z0 X f Wn/Wo. 

The controller 18 has a table of constants for phase compensation and a gain 
table of the focus-gain circuit 7 corresponding to a necessary band at each 
zone, and sets respective constants to the focus-phase compensation circuit 6 
and the focus gain circuit 7 in accordance with a zone (rotational frequency). 

15 [0057] If the filter coefficient is set so that the gain of the focus-phase 
compensation circuit 6 at the necessary band frequency at each zone has a 
constant value, the gain to be set to the focus gain circuit 7 for providing the 
necessary band is the square of the necessary band ratio. Since the necessary 
band is the root of the rotation-frequency ratio, it is only necessary to 

20 multiply the gain at zone 0 by the rotational-frequency ratio. When the gain 
and the rotation frequency at zone 0 are represented by G z o and Wo, 
respectively, the gain G zn at zone N rotating at a rotation frequency of W n is 
expressed by : 

G 2n = GzoX(Wn/ Wo). 

25 [0058] That is, the gain table may have the value of the 

rotation-frequency ratio with respect to zone 0 corresponding to each zone, 
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and the gain to be set can be determined by multiplying the gain at zone 0 by 
the value of the gain table at each zone. 

[0059] The gain table for tracking control has the value of the square of 
the rotation-frequency ratio. Accordingly, for example, by making the root of 
5 the gain table for tracking control the gain table of focus control, or, in the 
alternative, by obtaining the square of the gain table for focus control, a 
common gain table can be used both for focus control and tracking control, 
and therefore the capacity of the ROM and the RAM of the controller 18 can 
be reduced. 

10 [0060] A weight a similar to the case of tracking control may be 
provided in the equation for calculating the band within a range to secure a 
necessary control error as : 

F zn = a X Fzo X /"Wn/Wo. 
[0061] Although in the focus control operation of the first embodiment the 

15 servo sampling has been described, the same effects as in the case of tracking 
control, in which the filter coefficient is fixed and only the gain is changed, 
can also be obtained by appropriately changing the sampling frequency so as 
to perform sampling proportional to the root of the rotation-frequency ratio in 
accordance with the radial -direction position, and using a phase 

20 compensation circuit that uses a digital filter operating at that frequency. 

[0062] As described above, in the sample servo operation, the sampling 
period changes in accordance with the rotation frequency and the servo band 
is narrowed by reducing the servo-loop gain in accordance with a decrease in 
the sampling frequency at the outer circumference side where the rotation 

25 frequency is low. Since disturbance of the disk is small, deviation can be 
suppressed within an allowable range of servo. Furthermore, since the servo 
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band is widened by increasing the servo-loop gain at the inner circumference 
side compared with the sampling frequency at the outer circumference side, 
servo deviation can be suppressed within an allowable range at higher 
rotation at the inner circumference side. By determining the servo-loop gain 
5 in accordance with a predetermined stationary rotation frequency, control 
can be performed with sufficient accuracy without performing control with a 
wasteful servo-loop gain, which is greater than necessary, and setting a 
servo-loop gain that becomes unstable at the sampling frequency in any 
rotation frequency. 

10 [0063] Furthermore, it is possible to prevent temperature rise of the 
apparatus with small power consumption, and to reduce noise generated by 
the actuator. 

[0064] By changing the sampling frequency in accordance with a 
radial-direction position (zone), only the gain is changed while fixing the 
15 coefficient of the phase compensation filter at each zone. By commonly using 
a gain table both for tracking control and focus control, it is possible to reduce 
the capacity of the ROM and the RAM of the controller. 
(Second Embodiment) 

[0065] FIG. 2 is a block diagram illustrating an optical disk apparatus 
20 according to a second embodiment of the present invention. 

[0066] In FIG. 2, components other than a clock-signal generation circuit 
19 have the same functions as those shown in FIG. 1. 

[0067] In the second embodiment, the optical disk 1 is an ordinary optical 
disk having lands and grooves. 
25 [0068] A light beam emitted from the laser source of pickup 2 is projected 
onto the optical disk 1. Light reflected from the optical disk 1 is sensed by the 
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sensor of pickup 2, and is converted into an electric signal by a detection 
circuit 3. 

[0069] A focus-error signal is generated from an output from the detection 
circuit 3 by a focus-error generation circuit 4, and is supplied to a 
5 focus -actuator PWM driver 8 after being converted to a digital signal by an 
A/D converter 5, and then with a clock period output from a clock-signal 
generation circuit 19 by a focus-phase compensation circuit 6 and a focus gain 
circuit 7, to control the focus actuator of pickup 2, thereby constituting a 
focus servo loop. 

10 [0070] Similarly, a tracking-error signal is generated from the output 
from the detection circuit 3, according to a push-pull method or the like, by a 
tracking-error generation circuit 9, and is supplied to a tracking- actuator 
PWM driver 13 after being converted to a digital signal by an A/D converter 
10, and then with the clock period output from the clock-signal generation 

15 circuit 19 by a tracking-phase compensation circuit 11 and a tracking gain 
circuit 12, to control the track actuator of pickup 2, thereby constituting a 
track servo loop. 

[0071] A spindle driver 17 drives a spindle 15 so as to have a rotation 
frequency indicated by a controller 18, by a spindle control circuit 16 based on 

20 an FG signal (not shown), thereby constituting a spindle control loop. 

[0072] In the second embodiment, each of focus control and tracking 
control is performed discretely by sampling at a fixed clock period output 
from the clock- signal generation circuit 19. Outputs from the focus-error 
generation circuit 4 and the tracking-error generation circuit 9 are sampled 

25 by the A/D converters 5 and 10 at the sampling period and input to the 
focus-phase compensation circuit 6 and the tracking-phase compensation 
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circuit 11, respectively. Each of the focus-phase compensation circuit 6 and 
the tracking-phase compensation circuit 11 is configured by a digital filter, 
and is subjected to filter calculation with a filter coefficient set by the 
controller 18. Each of the focus-gain circuit 7 and the tracking gain circuit 12 
5 is a digital multiplier, and its gain is set by the controller 18. Outputs from 
the focus gain circuit 7 and the tracking gain circuit 12 are output as PWM 
signals to the focus-actuator PWM driver 8 and the tracking-actuator PWM 
driver 13, respectively. 

[0073] In the second embodiment, rotation control of the disk is also 
10 performed according to an MCLV method, and a zone is provided for each 
predetermined number of tracks in a radial direction. Control is performed 
with a constant rotation frequency within a zone, and with a substantially 
constant linear velocity between zones. 

[0074] In the second embodiment, also, as in the first embodiment, the 
15 servo loop gain is set to be proportional to the rotation frequency and to the 
root of the rotation frequency in the case of tracking and in the case of 
focusing, respectively. The controller 18 has a filter-coefficient table for phase 
compensation and a gain table for the gain circuit corresponding to the 
necessary band at each zone, and sets coefficients to the focus-phase 
20 compensation circuit 6, the tracking-phase compensation circuit 11, the focus 
gain circuit 7 and the tracking gain circuit 12 in accordance with a zone 
(rotation frequency). The filter-coefficient table for each of the focus-phase 
compensation circuit 6 and the tracking-phase compensation circuit 11 is 
determined in advance so as to be able to have a sufficient phase margin at a 
25 necessary band in each zone. For example, phase compensation 
characteristics that are the same as the phase compensation characteristics 
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at each zone in the first embodiment may be provided. In the first 
embodiment, since the sampling frequency changes depending on a zone, an 
optimum characteristic is obtained for each zone without changing the filter 
coefficient for phase compensation. In the second embodiment, however, since 
5 the sampling frequency is fixed irrespective of a zone, the filter coefficient for 
phase compensation must be changed for each zone. It is also possible to use 
a common gain table for focusing and tracking, as in the first embodiment. 
[0075] As described above, even if the sampling frequency is fixed, control 
can be performed with small power consumption and sufficient accuracy at 
10 any zone without performing control with a wasteful servo-loop gain, e.g., 
that is greater than necessary. 

[0076] Although in the second embodiment the MCLV method has been 
illustrated and the servo-loop gain is changed depending on the zone, the 
same effects may also be obtained in a CLV method by providing zones as in 
15 the MCVL method, and setting a necessary band at the rotation frequency at 
the start position of the zone (the highest rotation frequency) as a servo-loop 
gain for each zone. 

[0077] In the MCLV method, instead of setting a servo-loop gain for each 
zone, it is also possible to make a plurality of zones one block, and make the 
20 servo-loop gain at a zone having the highest value within the block the set 
servo-loop gain. 

[0078] Instead of having a setting table for each zone, as in the first 
embodiment, a table is provided for each block including a plurality of zones, 
and a servo-loop gain is set for each block. For example, in a disk apparatus 
25 in which ten zones are provided in a disk, and a rotation frequency for 
providing an MCLV is set at each zone, first through fifth zones constitute a 



1 

- 22 - 



first block, and sixth through tenth zones constitute a second block. A 
necessary servo-loop gain is set for each of the first and second blocks. In this 
case, it is possible to reduce the number of tables for setting filter coefficients 
and gains, and to reduce the capacity of a ROM of a controller. 
5 (Third Embodiment) 

[0079] In the first embodiment, a method for adjusting the gain is 
described when rotation control is performed with a stationary (steady state) 
rotation frequency. In a third embodiment of the present invention, however, 
a method for adjusting the gain is described when rotation control is in a 

10 transient state, such as when a pickup device moves between zones. 

[0080] For example, suppose that the rotation frequency at zone 0 is 33.3 
Hz, and the rotation frequency at target zone 8 is 16.5 Hz. When shifting 
from zone 0 to zone 8, the controller 18 first instructs the spindle control 
circuit 16 to rotate at a rotation frequency of 16.5 Hz. Then, the controller 18 

15 switches off a tracking-servo-loop switch provided within the tracking gain 
circuit 12, and turns off an output to the tracking- actuator PWM driver 13. 
Then, the pickup 2 is moved toward zone 8 by the controller 18 and seeking 
means (not shown). At that time, the rotation frequency of the spindle is in a 
transient state of changing from 33.3 Hz to 16.5 Hz. When reaching the 

20 target zone, the rotation frequency at that time is not necessarily the steady 
state rotation frequency of the target zone. Accordingly, the controller 18 
monitors the output of the clock-signal detection circuit 14, sets the gain of 
the tracking gain circuit 12 in accordance with the clock frequency, and starts 
tracking control by switching on the tracking-servo-loop switch and turning 

25 on an output to the tracking- actuator PWM driver 13. The controller 18 
monitors the clock-signal detection circuit 14 until the rotation frequency of 
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the spindle reaches a steady state, and periodically sets the gain of the 
tracking gain circuit 12 in accordance with the clock frequency. That is, in the 
third embodiment, gain setting is performed so as to follow a change of the 
clock frequency corresponding to a change of the rotation frequency. 
5 [0081] As in the third embodiment, by setting the gain to a value that can 
sufficiently secure a phase margin, the tracking control open-loop 
characteristics are always stable, and stable tracking control can be realized. 
[0082] Next, an operation in a transient state of the focus control system 
will be described. As described in the first embodiment, the necessary band of 

10 focus control must be set so as to be proportional to the root of the 
rotation-frequency ratio. During a seeking operation, since the rotation 
frequency momentarily changes, the filter coefficient and the gain may be set 
in accordance with changes of the rotation frequency. In this case, the filter 
coefficient and the gain may be obtained by providing a table for each 

15 rotation frequency or by sequential calculation. 

[0083] By fixing the filter coefficient of focus control at a state of zone 0, 
and only setting the gain in proportion to the rotation-frequency ratio, the 
focus-servo loop can always be in a stable state, as in the case of tracking 
control. In this case, a band necessary for focus control is sometimes not 

20 satisfied. However, since the state is transient, and a recording operation, a 
reproducing operation or the like is not performed, a certain amount of 
control error will not cause a problem. A more important consideration is the 
stability of the focus-servo loop. When focus control reaches the target zone 
and the steady state rotation frequency of that zone is obtained, the filter 

25 coefficient and the gain may be changed so as to correspond to the necessary 
band. In such a case, it is unnecessary to have a large number of 
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filter-coefficient tables for the focus-phase compensation circuit 6 in 
accordance with transient rotational frequencies. It is only necessary to have 
filter-coefficient tables whose number equals the number of zones. 
[0084] As described above, it is possible to perform stable control even 
5 when the zone changes, as during a seeking operation or the like. 
(Fourth Embodiment) 

[0085] In the second embodiment, a method for adjusting the gain is 
described when rotation control is performed with a stationary (steady state) 
rotation frequency. In a third embodiment of the present invention, however, 

10 a method for adjusting the gain is described when rotation control is in a 
transient state, such as when the pickup moves between zones. 
[0086] For example, suppose that the rotation frequency of zone 0 is 33.3 
Hz, and the rotation frequency at target zone 8 is 16.5 Hz. When shifting 
from zone 0 to zone 8, the controller 18 first instructs the spindle control 

15 circuit 16 to rotate at a rotation frequency of 16.5 Hz. Then, the controller 18 
switches off the tracking-servo-loop switch provided within the tracking gain 
circuit 12, and turns off an output to the tracking-actuator PWM driver 13. 
Then, the pickup 2 is moved toward zone 8 by the controller 18 and seeking 
means (not shown). At that time, the rotation frequency of the spindle is in a 

20 transient state of changing from 33.3 Hz to 16.5 Hz. The controller 18 starts 
tracking control by switching on the tracking-servo-loop switch and turning 
on an output to the tracking- actuator PWM driver 13, while fixing the filter 
coefficient and the gain. The controller 18 monitors the clock-signal detection 
circuit 14 until the rotation frequency of the spindle reaches a steady state, 

25 and sets the filter coefficient and the gain of the target zone when a steady 
state is obtained. Similarly, as for an operation in a transient state of the 
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focus control system, setting at the start zone may remain in a transient state, 
and when a steady state is obtained, the filter coefficient and the gain of the 
target zone may be set. As described above, the tracking- servo loop and the 
focus-servo loop can always be in a stable state. In this case, a band necessary 
5 for tracking control and focus control is sometimes not satisfied. However, 
since the state is transient, and a recording operation, a reproducing 
operation or the like is not performed, a certain amount of control error will 
not cause a problem. A more important consideration is the stability of the 
focus-servo loop. When control reaches the target zone and the steady state 

10 rotation frequency of that zone is obtained, the filter coefficient and the gain 
may be changed so as to correspond to the necessary band. In such a case, it 
is unnecessary to have a large number of filter-coefficient tables for the 
focus-phase compensation circuit 6 and the tracking-phase compensation 
circuit 11 in accordance with transient rotational frequencies. It is only 

15 necessary to have filter-coefficient tables whose number equals the number of 
zones. 

[0087] As described above, stable control can be performed even when the 
zone changes, as during a seeking operation or the like. 

[0088] As described above, according to the present invention, by 
20 changing at least one of the gain and the filter coefficient in a 
tracking(focus)- servo control system in accordance with the radial-direction 
position of an optical spot, i.e., in accordance with the rotation frequency of 
an optical disk, unnecessary current does not flow in an actuator, and it is 
possible to prevent unnecessary power consumption, to prevent temperature 
25 rise in the actuator, and to reduce noise generated by the actuator. 

[0089] In an MCLV method in which a sample servo disk is controlled 
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with an MCLV operation, it is possible to perform stable control while 
suppressing servo deviation within an allowable range. 

[0090] The individual components designated by blocks in the drawings 
are all well known in the optical information reproducing apparatus arts and 
5 their specific construction and operation are not critical to the operation or 
the best mode for carrying out the invention. 

[0091] While the present invention has been described with respect to 
what are presently considered to be the preferred embodiments, it is to be 
understood that the invention is not limited to the disclosed embodiments. To 
10 the contrary, the present invention is intended to cover various modifications 
and equivalent arrangements included within the spirit and scope of the 
appended claims. The scope of the following claims is to be accorded the 
broadest interpretation so as to encompass all such modifications and 
equivalent structures and functions. 
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